Schizophyllum commune, a basidiomycetous fungus, rarely causes disease in humans. We report a rare case of allergic fungal sinusitis caused by S. commune in a 14-yr-old girl. The patient presented with nasal obstruction and a purulent nasal discharge. Materials obtained during endoscopic surgery of the frontal recess revealed allergic mucin and a few fungal hyphae. A potato dextrose agar (PDA) culture from the allergic mucin yielded a rapidly growing white woolly mold. Although no distinctive features including hyphae bearing spicules or a clamp connection were present, the case isolate disclosed compatible mycological features including growth at 37˚C, susceptibility to cycloheximide, and production of a tart and disagreeable smell. S. commune was confirmed by sequence analysis of the internal transcribed spacer region and D1/D2 regions of the 26S ribosomal DNA. We believe this is the first report of allergic fungal sinusitis caused by S. commune in Korea. Moreover, this report highlights the value of gene sequencing as an identification tool for non-sporulating isolates of S. commune.
INTRODUCTION
Filamentous basidiomycetes are uncommon causes of human disease and remain poorly characterized. The most frequently reported clinically important filamentous basidiomycete is Schizophyllum commune [1] . S. commune is a ubiquitous fungus growing on a variety of trees and decaying wood [2] . Although S. commune has rather rarely been reported to cause human diseases, it has been described as the cause of a growing number of human respiratory infections, including mucoid impaction of bronchi, allergic bronchopulmonary mycosis, bronchial asthma, and allergic fungal sinusitis (AFS) [3] [4] [5] [6] . The morphological identification of S. commune as a basidiomycete fungus is particularly difficult in the case of monokaryotic isolates, which are devoid of spicules or clamp connections, unlike dikaryotic isolates [7] . Because several clinical strains of S. commune fail to exhibit morphological characteristics typical of the dikaryotic phase of the fungus [8] , a failure of identification in the clinical microbiology laboratory may result in decreased frequency of isolation of this fungus from clinical specimens. We encountered a rare case of AFS due to S. commune, which was identified with the aid of gene sequencing of the internal transcribed spacer (ITS) region and D1/D2 regions of the 26S ribosomal DNA. Here, we describe what appears to be the first case of AFS caused by S. commune in Korea, with emphasis on mycological clues for identifying monokaryotic isolates. 149 IU/mL (0-100 IU/mL). The results of the multiple antigen simultaneous test (MAST) for specific serum IgE antibodies against Aspergillus, Penicillium, Cladosporium, and Alternaria were negative. The results of the Uni-CAP system (Pharmacia, Sweden) for specific serum IgE antibodies against Aspergillus fumigatus, Cladosporium herbarum, and Alternaria tenuis were in the normal range. A non-enhanced computed tomography (CT) scan of the ostiomeatal unit revealed soft-tissue opacification in the right frontal, ethmoid, and maxillary sinuses (Fig. 1A) . Bony remodeling and destruction was found in the right lamina papyracea. Endonasal endoscopic surgery was undertaken. Mucosal swelling and polyposis were found in the right middle meatus, maxillary sinus, ethmoid sinus, and frontal sinus, which encroached on the right lamina papyracea. The frontal recess was filled with mucoid secretions, which were collected for histological and microbiological investigations. Histological examination of the material obtained from the frontal recess showed allergic mucin, characterizing Charcot-Leyden crystals, numerous eosinophils, and a few septate fungal hyphae (Fig. 1B) .
CASE REPORT
The material was plated onto PDA plates and incubated at room temperature, 30˚C, and 37˚C. Growth of a white, densely woolly mold with a yellow-to-brown reverse was observed after 3 days at all temperatures ( Fig. 2A) . The fungus was sensitive to cycloheximide (400 μg/mL) and produced a tart and disagreeable smell, particularly at 37˚C. Microscopic examination of the mycelia showed no conidia or sporangiospores, but revealed both narrow and wide hyphal filaments, which were hyaline, septate, branched hyphae without clamp connections and spicules (Fig. 2B ). Macroscopic examination did not reveal structures such as fruiting bodies even after 2 months of culture.
The ITS and D1/D2 regions of the 26S ribosomal DNA was sequenced. The ITS region (including the 5.8S rRNA gene) and the 26S rRNA gene D1/D2 domains were amplified with the following primer pairs: pITS-F (5'-GTCGTAACAAGGTTAACCT-GCGG-3') and pITS-R (5'-TCCTCCGCTTATTGATATGC-3'), and NL1 (5'-GCATATCAATAAGCGGAGGAAAAG-3') and NL4 (5'-GGTCCGTGTTTCAAGACGG-3') [9] . The fungus was identified (Basic Local Alignment Search Tool, www.ncbi.nlm.nih.gov/ BLAST) as S. commune (accession number HM595605.1) with 100% homology. The patient was given oral corticosteroids and antibiotics for 1 week after surgery. Topical nasal steroids were administered to suppress the immune response and minimize recurrence. The patient has been followed up for 3 months and shows no signs of recurrence, except mild mucosal swelling.
DISCUSSION
AFS is a noninvasive form of fungal rhinosinusitis with an incidence of 6-9% of all rhinosinusitis cases requiring surgery [10] . Careful diagnosis of AFS is needed with a review of surgical and www.annlabmed.org histopathological findings and culture results [10] [11] [12] . Our patient had nasal polyposis, elevated serum total IgE, and CT findings characteristic of AFS. The diagnosis of AFS in our case was made by histopathological and cultural findings of surgical specimens obtained from the frontal recess. AFS has been associated with several different fungi but rarely with S. commune [13] . At the time of this report, only 25 cases of AFS have been reported worldwide [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Interestingly, most cases of S. commune have been reported in Japan. This might be attributed to its greater awareness rather than to any geographical factors [25] . Because the distinct features of AFS due to S. commune have not been described, S. commune is easily confused with Aspergillus species because the presentation of infection and histopathological findings are similar [21] . In our case, the sequence-based identification of the fungal isolate from allergic mucin revealed S. commune as the causative agent of AFS.
S. commune, like most basidiomycete fungi, have dikaryotic (binucleate condition) or monokaryotic stages in their life cycle. Dikaryotic isolates of S. commune can be easily identified by the presence of spicules and clamp connections on hyphae and the basidiocarp (mushroom), which are distinctive features of this organism. However, several strains of basidiomycete fungus isolated from human specimens fail to exhibit the macroscopic and microscopic morphological characteristics of the dikaryotic phase [8] . The isolate from our patient did not exhibit these features; therefore, it appeared to be monokaryotic. Because monokaryotic isolates of S. commune are difficult to identify, techniques such as mating (vegetative compatibility) tests or gene sequencing may be required to identify S. commune [2] [3] [4] 14] . Some investigators have demonstrated the presence of this fungus by using the mating test, which dikaryotized the monokaryotic strain and could result in a fruiting body. However, the mating test is not easy to perform in a conventional laboratory and may require prolonged time for identification of the pathogen in most cases [3, 4] . Instead, a few studies have shown that gene sequencing is an attractive method to identify this fungus [2, 14] . Our study also showed that gene sequencing of the ITS region and D1/D2 regions of the 26S ribosomal DNA was very helpful for accurate identification of this fungus.
In fact, given the excellent specificity of this technique, gene sequencing has been recognized as the gold standard for fungal identification. However, for accurate identification of rare molds such as S. commune, morphological findings and molecular data should be compared to ensure consistency [26] . Although our case isolate did not show distinctive features of S. commune, it showed some characteristic features that were indicative of S. commune, as follows: (a) it grew well at 37˚C; (b) it was suscepti- ble to cycloheximide (400 μg/mL); and (c) it had a tart and pronounced odor, as reported previously [27] . Additionally, this fungus was easy to culture on media commonly used in clinical laboratories and formed rapidly growing, woolly colonies with septate hyaline, branching hyphae of 2 widths. Therefore, we suggest that the combination of these morphological findings and sequencing results is the most useful and practical way to identify non-sporulating S. commune. The accurate identification of medically important fungi remains a fundamentally important activity in the clinical microbiology laboratory. In many cases, morphology-based methods can be used to identify filamentous fungi [1] . However, if the isolate displays atypical morphology, fails to sporulate, or requires lengthy incubation or incubation on specialized media not available in the laboratory, the isolate may be a candidate for molecular identification. Accurate identification of fungi is important to determine etiology of a disease, detect novel agents of a disease, predict intrinsic resistance to antifungal agents, and detect clusters of nosocomial infection among hospitalized patients [26] . In the case of S. commune, some clinical isolates lack typical morphological features and fail to sporulate, and the fungus is often identified as "Mycelia Sterilia" or misidentified as an ascomycete. Our study showed the value of gene sequencing, with the aid of some mycological features, for accurate identification of non-sporulating S. commune to determine etiology of the disease.
It is important to know the allergenic mold in guiding therapy such as antifungal therapy or postsurgical immunotherapy to reduce recidivism. Oral itraconazole and topical steroid were administered achieving significant improvement in AFS by S. commune [21] . Some studies showed that immunotherapy can reduce the reliance on systemic and topical steroids and that patients with AFS show a better prognostic response to allergen immunotherapy [24] . Although it is well recognized that allergen immunotherapy is helpful in allergic rhinitis, immunotherapy is not widely performed in AFS [28, 29] . This might be attributed to the difficulty in identifying the causative agent of AFS in every case [10] . Current serological tests including MAST and Uni-CAP only screen for common allergens such as Aspergillus, Penicillium, Cladosporium, and Alternaria, but are insufficient to identify uncommon allergens such as S. commune. Therefore, further work in identifying the agents of AFS may help in developing allergen immunotherapy of AFS due to uncommon fungi.
In summary, our case demonstrates that S. commune is a human pathogen that causes AFS, and may be the first such case in Korea. Notably, our isolate appeared to be monokaryotic, sterile, and lacked clamps and spicules, suggesting that the limited isolation of this species from clinical specimens may reflect, in part, the difficulty in its identification. In addition, the present case indicates that gene sequencing can be an important diagnostic tool to identify S. commune, particularly if the non-sporulating hyaline mold is fast growing at 37˚C, fails to grow on a medium with cycloheximide, and produces a tart and disagreeable smell. Moreover, clinicians should include this fungus in the differential causative allergens of AFS, and laboratories should develop the ability to identify non-sporulating isolates of S. commune in line with the recent increasing tendency for infections caused by this fungus.
